Eyestalk ablation is the most common procedure to induce gonadic maturation in commercial hatcheries of penaeid shrimp. In addition to reproduction, other physiological and metabolic processes are affected by removal of the X-organ sinus gland complex located in the eyestalk. In this study, the effect of unilateral and bilateral eyestalk ablation on the concentration of several hemolymph metabolites and phenoloxidase system in female and male shrimp was investigated. As a consequence of reducing or suppressing molt-inhibiting hormone (MIH) production, the duration of the molting cycle was significantly shorter in eyestalk-ablated shrimp: bilaterally (10 days), unilaterally (17 days), and shrimp that were not ablated (24 days). Mortality was significantly higher in unilaterally (35%) and bilaterally (68%) ablated shrimp than in untreated shrimp (2%), probably caused by impairment of several physiological functions mediated by hormones from the eyestalk and direct injury of the nervous system. Males and females were affected differently by eyestalk ablation in terms of concentrations of glucose, triglycerides, and protein in hemolymph. Glucose and lactate levels were lower in bilaterally ablated shrimp, as expected by the role of crustacean hyperglycemic hormone in glucose metabolism. Cholesterol and hemocyte count were not significantly different among the three treatments. Prophenoloxidase and phenoloxidase activities were significantly lower in bilaterally, but not in unilaterally ablated shrimp. This could suggest an endocrine control of this mechanism of the effector immune response or reflect the level of physiological trauma caused by bilateral eyestalk ablation in this species.
Introduction

38
Eyestalk ablation (hereafter called ablation) has been used since 1970 to improve 39 the aquaculture production of Penaeus spp. larvae (Bray and Lawrence, 1992) . Besides 40 improving reproductive performance, there is evidence of other metabolic consequences 41 that are not fully understood. The X-organ sinus gland complex, located in the eyestalks, 42 is the principal neuroendocrine gland in crustaceans (Beltz, 1988; Chang, 1992) . In this 43 gland, hormones are synthesized, stored, and secreted to the hemolymph to regulate 44 several metabolic processes (Chang, 1992) . The most studied processes are vitellogenesis al. (1993) found differences between the sexes in energy balance after ablation, although 65 these differences were related to the different reproductive efforts of males and females. 66 In this study, the effect of unilateral and bilateral ablation on biochemical composition of 67 the hemolymph and related immune system variables was analyzed in non-reproductive 68 Litopenaeus vannamei females and males. 
Results
137
Duration of the molt cycle significantly decreased with ablation: bilateral took 10 138 days and unilateral took 17 days, while the control group took 24 days (P < 0.01; Fig. 1 ) 139 and with no significant differences between sexes. Mortality was 2% for the control 140 group, 33% in the unilaterally ablated group, and 68% in the bilaterally ablated group, 141 again, without significant differences between sexes (not shown).
142
A significant interaction between sex and ablation (P < 0.05) was obtained for the as shown by a significant interaction (P < 0.05; Fig 3a) . Within the control group, females 153 had significantly higher levels than males. Triglycerides were lower in unilaterally 154 ablated females, compared to the control group, but no effect was observed in ablated 155 males. No significant effects were observed in cholesterol concentration (Fig. 3b ).
156
A significant interaction (P < 0.05) was also detected for the concentration of 157 protein (Fig. 4) by ablation presumably produces increased melanin production through the PO system. Some specific corrections are highlighted with yellow in the revised manuscript. However complete sections were rewritten as indicated. All suggestions of referees were addressed as indicated below:
Reviewer No. 1
English language was revised by our institutional editor whose first language is English A) Methods and Results sections -Time of hemolymph sampling was now indicated (line 91).
-We used a calibration curve and it is now indicated (line 103).
-We did not evaluate the different groups in different times; the first sentence of the results section was rephrased for clarity to state that the duration of the molt cycle was different between groups (lines 146-147). -Conventional signs (P<0.05) were used to indicate significant differences throughout the whole text (also suggested by Reviewer No. 2). -All figures were re-drawn as suggested. Results were re-written according to the new order and style was changed for clarity.
B) Discussion
In general discussion was shortened and rewritten with a more integrative perspective and less speculation.
-The first two paragraphs were deleted as suggested -It is now specified that there is a decrease in the duration of the molt cycle (line 178 and line 317) -The discussion on the immune condition was in general improved and a consideration about the participation of PO in the tanning process during the molt cycle was now considered (lines 237-243). -Causes of mortality were reconsidered and severe physiological disruptions including nervous system damage are now included (201-203). -Mistakes in the literature were corrected Reviewer No. 2 -One sentence was deleted from the abstract as suggested -The section of hormonal control of proPO system in the Introduction was rewritten (lines 52-60) -Register of molting occurrence was confusing in the previous version of the MS; a more detailed description of shrimp and exuviae marking was now included in the corrected version (see lines 80 to 83) -All style corrections were done, particularly for the Results and Discussion sections that were practically rewritten.
